Background: Patients with stage II CRC have a varying survival outcome. Therefore, it is critical to identify prognostic biomarkers that can define more aggressive forms of the disease. We assessed the expression levels of five miRNAs that have been previously addressed in relation to the development and progression of solid and hematological tumors.
Background
Colorectal cancer (CRC) accounts for about 9.7% of all cancers worldwide and it is the second most common cause of cancer-related death worldwide [1] . Stage II CRC represents a peculiar state because surgically treated; stage II CRC patients usually have a 5-year survival of 75%-80%. Despite the success of curative surgery for localized disease, 20-25% of stage II patients can develop recurrence and dye from the disease. Currently, it is not possible to differentiate between stage II CRC patients with good or poor prognosis based on the traditional clinicopathological factors alone [2] . Therefore it is essential to find new individually-based, genetic biomarkers that can categorize patients according to their treatment outcome and to determine which patients should receive therapy [2] .
The microRNAs are small, non-coding, single stranded RNA molecules of approximately 22 nucleotides in length. They represent important regulators of gene expression in cancer cells [3] . According to literature, more than 50% of the human protein-coding genes are regulated by miRNAs including a significant number of oncogenes and tumor suppressor genes [4] . miRNAs are involved in the regulation of several basic biological cellular processes including proliferation, apoptosis, angiogenesis, immune response and hormone secretion. Thus, they can be used as prognostic and predictive factors in the clinical setting [5] .
Previous studies showed that miRNAs are differentially expressed in normal and neoplastic colonic tissues and therefore changes in their expressions contribute to the development and progression of CRC. Aberrant expression of certain miRNAs that mediate cell growth and tumor progression have been reported in CRC cases from Europe and USA using different miRNA microarray assays. Among these are miR-21, miR-137, miR-145, miR-320 and miR-498 [6, 7] .
miR-21 overexpression induces invasion, intravasation, metastasis and apoptosis via downregulation of the programmed cell death 4 (PDCD4), which is a known tumor suppressor whereas miR145 down-regulates the insulin receptor substrate-1 (IRS-1) protein, which is a mitogenic, anti-apoptotic, and anti-differentiation factor [8, 9] .
A recent study by Sheng et al., [10] showed significant decrease of miR-145 in colon cancer cell lines as well as in CRC tissues (especially cases with lymph node or distant metastasis) compared to the non-cancerous mucosal tissues suggesting a tumor suppressor effect of this miRNA. Similarly, the few available studies regarding miR-137 showed down-regulation of this miRNA in colonic adenomas and carcinomas. In a recent study, Chen et al., [11] , demonstrated that all the CRC cases tested (18) had reduced miR-137 expression and this reduction correlates with tumor progression and metastasis confirming the protective effect of miR-137 in colorectal carcinogenesis. This inhibitory effect of miR-137 is achieved mainly through controlling cell proliferation, migration, invasion and colony formation, which consequently inhibits tumor growth and metastasis. The miR-320 is also down regulated in CRC tissues whereas its expression suppresses CRC development through targeting SOX4, FOXM1, and FOXQ1 genes [12] .
miR-498, is a non-coding miRNA which is located inter-genetically in 19q13.41. It targets several genes involved in the control of cellular growth. Gopalan et al., [5] assessed miR-498 expression in colon cancer cell lines as well as in 60 CRCs and 20 non-neoplastic colonic tissues. They found that, miR-498 expression was too low to be detected in all CRC cases compared to the non-neoplastic tissues suggesting a protective role for this miRNA in colonic carcinogenesis however, no study was done since then to confirm this issue.
Till now, there is no published data from Egypt or the Middle East regarding the frequency and patterns of aberrant miRNAs expression and their contribution to the development and progression of CRC. Therefore, we sought to assess the expression levels of the aforementioned miRNA panel (miR-21, miR-137, miR-145, miR-320 and miR-498) in a well characterized group of stage II CRC patients from Egypt and to determine their possible prognostic and/or predictive value.
Methods

Patients
The study included 124 patients with stage II colorectal cancer (CRC) who were diagnosed and treated in the National Cancer institute, Cairo University during the period from January 2004 till December 2014 (the retrospective group). Blood samples were freshly obtained from another 41 patients (the prospective group) to assess the concordance between tissue and serum levels of the studied miRNAs. All samples used in the study were obtained prior to treatment. Pooled blood from 20 normal healthy subjects and 41 histologically-confirmed, normal colonic mucosal tissues obtained from the normal mucosa adjacent to surgically removed nonneoplastic lesions of the colon were used as blood and tissue control, respectively. A written informed consent was obtained from all participants prior to enrollment in the study, and the Institutional Review Board (IRB) of the NCI approved the study protocol which was in accordance with the 2011 Declaration of Helsinki. All demographic and relevant clinic-pathological features of the CRC patients are summarized in Table 1 .
Blood and tissue samples
Ten milliliters blood were prospectively collected from 41 patients and 20 normal control subjects in a serum vacutainer tube, centrifuged at 3000 rpm for 10 min at 4°C to remove the cellular components. The supernatant was then collected and stored at −80°C until used. Paraffin blocks for stage II CRC cases were also obtained from the archive of the Pathology department of the NCI, Cairo University. From each tumor and normal tissue paraffin block, 5 μm-thick sections (7-10 sections) were cut into a 2 mL sterile, plastic Eppendorf tube for miRNA extraction.
Treatment and follow up of the patients
Adjuvant treatment (either pre-or post-operative) was given to 90 patients (72.6%), radiotherapy was given to 43 (34.7%) and chemotherapy to 75 (60.5%) ( Table 2) . Chemotherapy was given either as capecitabine (2 g/m2 daily for 14 days every 21 days for 8 cycles) or as Roswell park regimen with Leucovorin (500 mg/m2 iv over 2 h) and fluorouracil 500 mg/m2 iv bolus 1 h after the start of leucovorin once weekly for 6 weeks every 8 weeks repeated for 3 cycles. Radiotherapy was given concomitantly with chemotherapy (CCRT) to patients with lower rectal cancer either pre or postoperatively (50.4 Gy over 28 settings). Adjuvant chemotherapy was given to high risk patients e.g. patients with obstruction, perforation, T4 disease or inadequate LN dissection (< 12), elevated pretreatment CEA, vascular invasion, perineural invasion or positive circumferential radial margin (CRM). Adjuvant chemotherapy was given for 4-6 months guided by tolerance and compliance). The most common toxicities reported with chemotherapy were diarrhea, cytopenias mainly neutropenia, elevated liver enzymes, nausea and vomiting. Treatment related deaths occurred in 4.3% only of patients who received treatment. The median follow-up period was 27 months. Local recurrence and distant metastases were assessed then, disease-free (DFS) and overall survival (OS) rates were calculated.
MicroRNA extraction from sera and tissues miRNAs were extracted from tissue and serum samples of the patients and control subjects using the miRNeasy kit for FFPE and miRNeasy mini kit for blood (both from Qiagen, Germany); respectively according to manufacturer's instructions. The concentrations and purity of the miRNAs were determined using the Nanodrop 1000 spectrophotometer (Nanodrop Technologies Inc., USA).
Quantitative real-time polymerase chain reaction (qRT-PCR)
The expression levels of miR-21, miR-137, miR-145, miR-320 and miR-498 were assessed in serum and tissue samples in triplicates using the TaqMan miRNA Assay (Applied Biosystems, Inc., Foster City, CA, USA. The reverse transcriptase reaction included 10 ng total RNA (5 μl), 0.15 μl dNTPs (100 mM total), 1.0 μl Multiscribe RT enzyme (50 U/μl), 0.19 μl RNase Inhibitor (20 U/μl), 1.5 μl 10XRT buffer, 4.16 μl nuclease free water (SigmaAldrich, Ayshire, UK) and 3.0 μl 5XRT Primer. The total volume of the reaction was 15 μl. The amplification reactions were done using a GeneAmp PCR System 9700 thermal cycler (Applied Biosystems). All reactions were first incubated at 61°C for 35 min and then at 42°C for CCRT concomitant chemoradiotherapy, CTH chemotherapy 30 min, followed by an inactivation step of 55°C for 5 min. Quantitative PCR amplification of the cDNAs was performed using sequence-specific primers from the TaqMan MicroRNA Assay Human Panel (Applied Biosystems). The 20 ul of the PCR included 10ul of the universal PCR Master Mix (no AmpErase UNG), 2ul of each TaqMan MicroRNA Assay Mix and 1.5ul RT product and 6.5ul H 2 O. The amplification program was as follows: 95°C for 9 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. To correct for the variability among different samples, the expression level of a target miRNA was normalized to the expression levels of two different reference genes (as genes found stably expressed across most of the samples): RNU6B (RNU6-6P) and miR-16. Then the miRNA expression was normalized using the snRNA-U6 as an internal control. The ΔCt method was used to calculate the relative expression levels and the expression level of each miRNA was compared in tumor and normal tissue samples as well as in the recurrent and non-recurrent cases.
Statistical analysis
SPSS for windows, version 21 (IBM, Armonk, Ny, USA) was used for analysis. Numerical data are expressed as mean ± SD or median and ranges. Categorical data was measured as percentages. We compared the expression level of studied miRNA between recurrent and nonrecurrent cases using Chi Square (χ2) test. The relative expression level of studied miRNAs was presented in box plots and compared using Mann-Whitney. As a measure of reliability Cohen's Kappa was used to assess the degree of agreement between blood and tissue samples. Kappa should be greater than 0.7 (70%) and not to only be significant (p < 0.05). Kappa more than 0.4 was considered fair. The association with survival was analyzed using Kaplan-Meier analysis and curves were compared using the log-rank test and Cox regression analysis was used to adjust for other prognostic indicators. All p. values were two sided and p. value < 0.05 was considered significant.
Results
Patient's characteristics
The mean age of the patients was 49.7 ± 13.2 (median: 48; range 19-78 years). The male to female ratio was 1.07:1 and more than half of patients were residing in urban areas. A positive family history of malignancy was reported in 17% of the cases and one third of patients were smokers. Most of the cases had good performance status (ECOG 0&I) and 16% had PSII. Rectal cancer constituted 33% of the cases with the lower third being the dominant site. Right and left colonic cancers were almost equal in frequency (30%, each) and adenocarcinoma was the predominant histological subtype (84.7%).
At diagnosis, 67.7% of the patients had T3 tumors and 25.8% had T4 tumors. More than 50% of the cases underwent adequate lymph node dissection (≥12), 86.3% of the cases were grade 2 followed by 11.3% grade 3 ( Table 1 ). The most common toxicities reported with chemotherapy were diarrhea, cytopenias mainly neutropenia, elevated liver enzymes, nausea and vomiting. Treatment-related deaths occurred in 4.3% only of the patients who received treatment (Table 2) .
Differential expression of the studied miRNAs in tissues and sera of the patients
The expression levels of all tested miRNAs in the neoplastic cases (serum& tissues) compared to the normal control samples are illustrated in Table 3 and Fig. 1 2a & b) . The concordance between serum and tissues for all tested miRNA was highly statistically significant (p < 0.001; for all).
The degree of concordance between the expression levels of the studied miRNAs in CRC patients The correlation between aberrant miRNAs expression and patients' characteristics
No significant association was found between patients characteristics and the expression levels of the tested miRNAs, except for the correlation between the incidence of recurrence and aberrant miR-137, miR-145, and miR-498 expressions (p < 0.001, p = 0.02 and p < 0.001; respectively) ( Table 6 ).
Survival analysis
During the follow up period 54 patients (43.5%) died. The median overall survival (OS) for the patients was 27 months On multivariate survival analysis adjusted for PS and all studied miRNAs, only miR-21 and miR-498 were independent prognostic factors for inferior OS whereas, miR-498 and miR-320 were independent prognostic factors for DFS (Table 9 ). High expression of miR-21 and miR 498 increased the hazards of death by more than 2 folds when compared to normal expression whereas miR-498 overexpression and reduced miR-320 expression doubled the hazards of recurrence compared to the normal expression of these markers.
Discussion
Although there are several studies on the role of miRNAs in CRC from Europe and USA, no single study has been published yet from Egypt or the Middle East. In the current study we assessed the expression levels of five miRNAs (miR-21, miR-137, miR-145, miR-320 and miR-498) in the blood and tissues of stage II CRC patients from Egypt. These miRNAs were previously mentioned in relation to the development and progression of CRC cases from Europe and USA [4, 6, 7, 13] . Fig. 1 The expression levels of the five tested miRNAs in the colorectal cancer cases assessed The data in boldface denotes the presence of statistically significant difference between the studied groups According to our data, aberrant expression in one or more of the studied miRNAs was present in 71% and 73.2% of the CRC tissues and sera; respectively compared to the normal control. miR-21 and miR-498 were significantly over-expressed whereas miR-137, miR-145 and miR-320 were reduced in patients' sera and tissues. Our data in this context are similar to previously published data in literature, except for miR-498 which is down regulated in other studies from USA and Europe [4, 6, 7, 14] . Overexpression of miR-498 was reported in 43.9% of our CRC cases compared to the control group. In contrast, Gopalan et al., [5] showed that, miR-498 was too low to be detected in all CRC cases assessed compared to the non-neoplastic tissues. They concluded that miR-498 down regulation in CRC tissues and the direct suppressive cellular effect noted in the tested cancer cell lines suggest direct or indirect role(s) of miR-498 in colon carcinogenesis. Moreover, Schepler [14] , proved in their work on 49cases of stage II CRC with different microsatellite status and recurrence rates that miR-498 and miR-320 could be used as predictive biomarkers, which correlate with recurrence-free survival. The contradiction in the results of the aforementioned studies and the current study could be attributed to 1) racial or population differences, 2) different environmental or dietary factors that may play a role at the epigenetic rather than the genetic level e.g. promoter hypermethylation (PM) which down-regulate or silence the miR-498 expression, 3) the relatively low number of the patients included in the previous studies compared to ours and 4) the different inclusion criteria since we assessed stage II cases only. Hence, it seems difficult to draw a conclusion regarding miR-498 expression in CRC and further studies are still needed. The increase in miR-498 stimulates FOXO3 expression with subsequent down regulation of cyclin-D1 and up-regulation of p21& p27. This will ultimately block cell entry into the SPF of the cell cycle and suppress cell proliferation [15] .
miR-21 is overexpressed in many tumor types including CRC and this overexpression reduces many tumor suppressor genes [8, 16, 17] . Slaby et al., [17] reported significant overexpression of miR-21 relative to the corresponding normal mucosa in 193 CRC patients at different disease stages and Schee et al., [18] showed that miR-21 was the most frequently overexpressed miRNA among six miRNAs (miR-21, miR-31, miR-92a, miR-101, miR-106a and miR-145) assessed in their study. They concluded that miR-21 is a biomarker for CRC. Our data confirm the previously mentioned studies since miR-21 was significantly overexpressed in 48.4% of our tested patients.
On the other hand, 40% of our tested patients revealed significant reduction in miR-137 compared to the control samples. Similar data were reported by Chen et al., [11] and Balaguer et al., [19] . The later found that miR-137 expression was reduced PM in the 6 tested cell lines as well as in 82.3% of the 41 colonic adenomas and the 81.4% of the 160 CRCs but in none of the normal tissues. When they transfected the CRC cells with miR-137 precursors, cellular proliferation was inhibited. They concluded that, miR-137 is a tumor suppressor which is inactivated at an early stage in the genetic cascade of the adenoma-carcinoma sequence. Therefore, it could be used for early detection of CRC in high risk individuals with familial adenomatous polyposis (FAP).
The current study is one of the few studies that proved a prognostic value of miR-145 in CRC. miR-145 induces its functions partially via activating the PAK gene, an important oncogene that promotes cellular migration [20] . PAK overexpression associated significantly with aggressive tumor phenotypes and poor prognosis in CRC patients and therefore it represents a new prognostic factor those patients [10, [21] [22] [23] . The anti-tumor effect of miR-145 is achieved via targeting insulin receptor substrate-1, the docking protein of IGF1-R, with consequent inhibition of IGF1-R signaling in CRC [24] . This has been confirmed in Table 6 The relative expression of studied miRNA in tissue of recurrent and non-recurrent CRC patients miRNA-320 χ2 = 1.6
Reduced expression 27 38 p = 0.2
Normal 18 41
The data in boldface denotes the presence of statistically significant difference between the studied groups The data in boldface denotes the presence of statistically significant difference between the studied groups The data in boldface denotes the presence of statistically significant difference between the studied groups a larger study performed on 49 stage-II CRC cases using 315 human miRNAs (including miR-145 and miR-320).
According to the results of this study, miR-145 showed the lowest expression level in cancerous tissues followed by miR-320. The later acts through inactivating the Wnt/β-catenin pathway in CRC cells via targeting FOXM1 and other important molecular pathways e.g. cell proliferation & migration, invasion, apoptosis, angiogenesis, inflammation and epithelial-mesenchymal transition (EMT). Thus, down regulation of miR-320 is also considered a poor prognostic factor [25] . In univariate analysis, aberrant expression of all tested miRNAs associated significantly with higher incidence of recurrence and lower survival rates. Our data regarding the correlation between miR-21 overexpression and survival (DFS&OS) are in accordance with some previous studies [19, 26, 27] , however none of these studies was done on stage II cases only.
In this context Schepeler et al., [14] demonstrated that aberrant miR-320 and miR-498 expression associated significantly with higher incidence of recurrence and decreased DFS suggesting that both of them can be used to predict recurrence in stage II CRC patients with high accuracy (an overall performance accuracy of 81%). Similarly, reduced miR-137 expression associated significantly with CRC progression and metastasis, especially to the liver, and thus it could be used as a prognostic factor in this disease. 0n the other hand, in multivariate Cox regression analysis, aberrant expression of miR-21, miR-137 and miR-498 were independent prognostic factors for inferior OS while miR-320 and miR-498 were independent prognostic factors for reduced DFS. Our data regarding miR-320 and miR-498are in agreement with those of Schepeler et al., [14] who also reported that miR-320 and miR-498 could be used to predict tumor recurrence and reduced DFS in stage II CRC patients. Similar to previously published data we found that CRC patients overexpressing miR-21 have significantly reduced DFS and OS rates. In this context, Schetter et al., [13] , and Nielsen et al., [28] reported significant association between aberrant miR-21 expression and reduced survival rates independent of other clinical parameters. Another study by Oue et al., [29] , confirmed these in univariate and multivariate analysis.
An important finding in the current study is the concordance in the data of serum and tissue samples. This concordance denotes that circulating miRNAs could be used as sensitive diagnostic, prognostic or predictive biomarkers as well as for early detection of [30] . In the current study, concordance between serum and tissues was strong for miR-21 and miR-137, intermediate for miR-498 but weak for miR-145 and miR-320. There is a number of factors that might affect the concordance between serum and tissue including 1) the miRNAs may be subjected to degradation in blood, especially after removal of tumors, 2) the effect of treatment given to the patients prior to sampling (blood samples were drawn after chemo-radiotherapy in patients with rectal cancer), 3) the small number of patients assessed in blood and tissues (only 41) compared to 124 for tissues only 4) the short follow-up period in those patients compared to the patients in the retrospective group and 5) the effect of formalin fixation which affect the stability of miRNAs used for qRT-PCR analysis. Therefore, the data of the current study regarding the concordance between serum and tissues needs to be verified in another study including an equal number of patients in each group (serum & tissue groups).
Conclusions
We conclude that miR-21, miR-137, miR-145, miR-320 and miR-498 represent highly specific cancer biomarkers that can be used as promising prognostic and predictive biomarkers for stage-II CRC patients on chemoradiotherapy. The relative concordance between the results of miRNAs in serum (circulating miRNAs) and tissues are encouraging since it provides a non-invasive prognostic tool for risk stratification of those patients. This may also open avenues for early detection and personalized therapy for CRC patients. However future large scale prospective studies are still required to settle this issue. According to our data, a panel of three miRNAs (miR-21, miR-498, and miR-320) can predict recurrence in stage II CRC patients and a panel of 2 miRNAs (miR-21, miR-498) can predict survival in those patients.
